Synopsis Studies have shown that organically farmed fields promote natural predator populations and often have lower pest populations than conventional fields, due to a combination of increased predation pressure and greater plant resistance to pest damage. It is unknown how pest populations and predator efficacy may respond in these farming systems as global temperatures increase. To test these questions, we placed enclosures in eight alfalfa fields farmed using conventional (n ¼ 4) or organic (n ¼ 4) practices for 25 years. We stocked enclosures with pea aphids and 0, 2, or 4 predaceous ladybeetles. Half of the enclosures per field were then either left at ambient temperature or plastic-wrapped to warm them by 2 8C. Aphid abundances were similar in conventional and organic fields under ambient conditions, but were significantly more abundant in conventional than in organic fields when enclosures were warmed. Predator efficacy was reduced under low predator abundance (Hippodamia convergens ¼ 2) in conventional fields under warming conditions; predation strength in organic fields was unaffected by warming. Alfalfa biomass increased with increased predators in all farming and temperature treatments. Our study suggests that biological control may be more easily maintained in organic than in conventional systems as global temperature increases.
Introduction
Earth's climate is warming at an unprecedented rate (IPCC 2014) , which may affect organisms directly, by altering temperature-sensitive biological rates, or indirectly, by altering their interactions with other organisms (Tylianakis et al. 2008; Wu Z 2011; Rosenblatt and Schmitz 2014) . Higher trophic levels are particularly sensitive to the direct effects of climate change (Voigt et al. 2003) , often responding behaviorally or numerically even when no measurable effect is apparent on lower trophic levels (Barton and Schmitz 2009; de Sassi and Tylianakis 2012; Barton 2014) . However, by affecting predators and altering predation rates, warming can indirectly affect lower trophic levels, often leading to large and unexpected net effects on herbivores and plants via trophic cascades (Tylianakis et al. 2008; Barton and Ives 2014a; Rosenblatt and Schmitz 2014 ).
An economically and environmentally important trophic cascade is biological control of pests by predators to increase crop yield. Biological control, or the use of living organisms (predators, pathogens, etc.) to control pest populations (Eilenberg et al. 2001) , is an integral part of agricultural insect pest control worldwide (Losey and Vaughan 2006) . It is a primary component of integrated pest management (IPM), the ever-increasing practice of managing pests using a diverse application of techniques to maintain pest pressure below an economically damaging threshold (Pedigo et al. 1986; Brewer and Goodell 2012) . Promoting effective biological control, in conjunction with other IPM practices, can lead to a significant reduction in pesticide use while successfully maintaining agricultural productivity (Pretty 2005; Birch et al. 2011) .
Studies have shown that the type of farming management practice employed can have large impacts on predator populations and predation in agricultural fields. The comparison between organic and conventional systems is particularly well-documented. Organic agriculture, broadly defined, is the rearing of crops and livestock without the use of genetically modified organisms, synthetic fertilizers, herbicides, or insecticides. In contrast, conventional farming may employ any combination of these technologies (Bengtsson et al. 2005) . Organically farmed fields often, but not always, contain higher predator abundance (Shah et al. 2003; Bengtsson et al. 2005; Birkhofer et al. 2008 ) and increased predator efficacy (Crowder et al. 2010 ) than conventionally farmed fields.
If organic and conventional practices are already known to affect predator abundance and efficacy, how might predator-prey interactions within these systems fare under climate change? The answer is not clear-cut, as one must consider how climate change may affect the plants, pests, and predators within these systems. Increasing global temperatures, as one aspect of climate change, may benefit plant growth via the increased atmospheric CO 2 that precipitates warming (Norby and Luo 2004; Sardans and Peñuelas 2013) and higher temperatures themselves when precipitation is sufficient (Norby and Luo 2004; Wu Z et al. 2011; Elmendor et al. 2012; Sardans and Peñuelas 2013) . However, plant growth may be negatively affected by climate change via more frequent and/or more severe climatic events (Lloret et al. 2012; Suzuki et al. 2014) , reduced precipitation in some regions (Wu Z et al. 2011) , and decreased productivity due to heat stress (Bita and Gerats 2013; Suzuki et al. 2014) . Predicting the response of insect pests and predators is even more challenging, as they have the potential to be affected both directly (e.g., physiologically, behaviorally) (Bale et al. 2002) and indirectly (e.g., species interactions) (Masters et al. 1998; Barton and Ives 2014b) . Previous studies have demonstrated that global warming can have unpredictable effects on prey populations and predatory efficacy, in some cases improving biological control and in other cases diminishing it (Wu X et al. 2011; Dyer et al. 2013; Schmitz and Barton 2014; Tylianakis and Binzer 2014) . Therefore, it is important to determine not only how farming management practices currently affect biological control, but how these effects may change as global temperatures increase.
To our knowledge, only one study to date has specifically addressed how climate change and farming practices may interact to affect tritrophic interactions. Dong et al. (2013) investigated effects of warming on plant biomass and aphid-parasitoid interactions in tilled versus no-tilled wheat fields. While they found no significant interaction between warming and tillage on tritrophic interactions, the bottom-up and top-down effects on aphid populations were both increased by warming treatment (Dong et al. 2013) . As the human population and mean global temperature both continue to increase, food production and the stability of agricultural systems is of increasing importance. Improving and maintaining biological control in agricultural fields is one method that could be used to improve and maintain agricultural productivity. Therefore, it is important for more research to be done investigating how predator-prey dynamics differ according to agricultural management practices, and how these dynamics may be altered by global warming, to select best agricultural management practices to maintain biological control.
To address this topic, we conducted a study in organically and conventionally farmed alfalfa (Medicago sativa L.) fields, in which enclosures placed over alfalfa and containing pea aphids (Acyrthosiphon pisum) (Harris; Hemiptera: Aphididae) were exposed to various densities of predatory convergent ladybeetles (Hippodamia convergens) (Guérin-Menéville; Coleoptera: Coccinelidae) under ambient and elevated temperatures. The pea aphid is a common phloem-feeding agricultural pest, with a worldwide distribution (Blackman and Eastop 2007; Ximenez-Embun et al. 2014) . Pea aphids are frequently employed as model organisms for evolutionary and ecological studies due to their agricultural importance, widespread abundance, and ability to be easily reared in laboratory colonies (Brisson and Stern 2006) . They are also known to respond to changes in temperature (Brodsky and Barlow 1986; Lamb 1992; Stacey and Fellowes 2002; Lu and Kuo 2008; Harmon et al. 2009 ). Hippodamia convergens is a common ladybeetle species distributed throughout much of North America (Rankin and Rankin 1980) , and primarily feeds upon aphids (Rankin and Rankin 1980) , including pea aphids (Eigenbrode et al. 1998; Ximenez-Embun et al. 2014) .
We tested three specific hypotheses on aphid population growth and predator efficacy: (1) Farming management practices affect aphid population growth and predator efficacy in alfalfa; (2) aphid population growth and predator efficacy differs under ambient temperatures versus elevated temperatures; and (3) aphid population growth and predator efficacy respond to temperature differently in organic versus conventionally managed systems.
Methods

Description of study site
We conducted this study at the Arlington Agricultural Research Station in Arlington, WI, USA, between July and August 2014. This site, known as the Wisconsin Integrated Cropping Systems Trial (WICST) consists of sixty-four 0.3 ha fields to which conventional or organic crop rotations and practices have been applied since 1989 (Posner et al. 2008) . From these fields, we selected four conventional fields and four organic fields of 2nd-year alfalfa (Fig. 1A) . Briefly, the conventional rotation consists of one year of corn and threeyears of alfalfa. This rotation is fertilized with liquid dairy manure in the fall and with synthetic starter fertilizer (5-14-42, N-P-K) at a rate of 112 kg ha À1 (5.6 kg N ha
À1
) in the spring prior to planting corn (Zea mays L.), and with liquid dairy manure at a rate of 44.8 Mg ha À1 prior to planting alfalfa. The organic rotation consists of one year of corn followed by two years of alfalfa, and is fertilized with liquid dairy manure in the fall prior to planting corn and in the fall prior to alfalfa at a rate of 33.6 Mg ha
(see Baldock et al. 2014 and Posner et al. 2008 for more detailed descriptions of the crop rotations). Because our study took place in the fields containing the second year of alfalfa growth, no fertilizers had been applied to those fields since fall 2012.
Conventional fields used in the study had been planted with the conventional alfalfa variety HybriForce2400 Õ (Dairyland Seed Co. Inc., West Bend, WI, USA) and organic fields were planted with the organic alfalfa variety WL 353 LH (LaCrosse Seed LLC., La Crosse, WI, USA) alfalfa seed. Though the conventional WICST fields have received insecticide applications in previous years (G.R. Sanford and A.P. Butz, personal communication), no insecticide was applied to the conventional alfalfa fields in 2014 prior to or during our study.
Field experiment setup
The experiment was designed as a 2 Â 3 factorial, crossing two levels of temperature (ambient or warmed) and three levels of predator additions (0, 2, or 4 adult ladybeetles), for a total of six treatment combinations (Fig. 1B) . Therefore, within each field we replicated each treatment combination twice (12 enclosures per field). Alfalfa fields were cut on July 9, 2014 and harvested July 11. We established enclosures 2-4 days post-harvest (July 12-14) to minimize natural insect recolonization. We placed 12 PVC pipe enclosures with dimensions 0.432 Â 0.432 Â 0.75 m (Fig. 1C ) in a row in the center of each field, spaced approximately 5 m apart. Each frame was covered with insect mesh and the edge of the mesh was buried in the soil.
On July 24, we stocked each enclosure with 25 genetically identical pea aphids obtained from a laboratory colony. We used a red color morph (also called ''pink'') because their color contrasts with the green foliage and facilitates visual scans for population estimation, which we describe below. On the same day, four pre-randomized enclosures per field were then stocked with 0, 2, or 4 unsexed adult convergent ladybeetles, Hippodamia convergens, captured the same day from a nearby field. As the ages of the field-caught ladybeetles were unknown, two ladybeetles per cage was set as the low predator treatment to ensure no loss of predation due to predator mortality. The low predator cages (two ladybeetles per cage) therefore had a predator density of 10. Once insects were added, half of the enclosures of each predator treatment were wrapped with 2 mm clear plastic polyethylene sheeting secured with duct tape and binder clips to create a greenhouse effect (''warmed'' treatment) (Fig. 1B) . This design (plastic wrapped sides and open top) has been used in multiple studies to elevate temperatures without significantly affecting precipitation, humidity, or other abiotic factors (Barton and Schmitz 2009; Barton and Ives 2014a) . The remaining six enclosures per field were left unwrapped (''ambient'' treatment).
On July 25 and 28, we recorded temperature, relative humidity, and wind speed in all enclosures in two randomly selected fields and six additional readings per field outside the enclosures. Temperature, relative humidity, and wind speed data were analyzed using mixed models (PROC GLIMMIX, SAS 9.3) with individual field included as a random (block) effect, to determine if weather conditions varied as a function of the presence versus absence of enclosure, ambient versus warmed enclosure treatments, and the interaction between enclosure presence and enclosure treatment. On July 28, we placed a Hobo Õ temperature logger in an ambient 0-predator enclosure and a warmed 0-predator enclosure in three randomly selected fields (six loggers total). Loggers were Farming, warming, and biological controlcollected at the end of the study, and temperature readings recorded every 2 h were analyzed using repeated measures mixed model (PROC MIXED, SAS 9.3) to determine temperature differences in ambient versus warmed enclosures over time.
On August 5, we conducted field counts of aphids within the enclosures by carefully opening the top of each enclosure and counting the number of red variant pea aphids visible within a 60-s period. The above ground biomass of alfalfa within each enclosure was harvested, dried, and weighed. Of the 96 enclosures, three enclosures sustained tears to the insect mesh during the study and one enclosure sustained extensive alfalfa damage by Colias eurytheme (L.) caterpillars. These enclosures were excluded from the statistical analyses.
We analyzed the effects of management type, warming treatment, predator abundance (0,2, and 4), and all interactions on mean aphid abundance (ln þ 1 transformed) by field (in other words, averaging the two predator*warming replicates per field) using a mixed model (PROC GLIMMIX, SAS 9.3), with field included as a nested effect. We also calculated predation strength for 2-and 4-predator treatments within each field by using the equation ln(N2/ N1), where N1 was the mean number of aphids observed inside the 0 predator enclosures within each field and N2 was the mean number of aphids observed in the 2-predator or 4-predator enclosures (Barton 2014) . We then used a mixed model to test for effects of management type, warming treatment, predator abundance (2 versus 4), and all interactions on predation strength, with field included as a nested effect. Alfalfa biomass was analyzed to determine if it differed by management type, warming, predator density, and management type*warming treatments using a mixed model analysis (PROC GLIMMIX, SAS 9.3) with field included as a random effect.
Laboratory bioassay
As the conventional and organic alfalfa fields were planted with different alfalfa varieties, we conducted a follow-up laboratory assay to test whether variety alone significantly affected A. pisum populations. We grew 10 plants each of HybriForce2400 Õ and WL353LH variety alfalfa. We planted seeds in a commercially available MetroMix Õ 830 Grower Mix with RESiLIENCE TM greenhouse media and grew the alfalfa until plants were at least 15 cm tall. Each plant was then stocked with 10 adult pea aphids from our laboratory colony. We covered each plant with plastic tubes and mesh lids and placed them in a growth chamber at 24 8C and 12L:12D. Using visual surveys, we recorded the total number of aphids visible on the plants on Days 1, 4, and 7 post-infestation. We repeated this experiment with different plants grown under the same conditions in a growth chamber at 28 8C and 12L:12D. For each trial we analyzed change in aphid abundance by time, alfalfa variety, and the time*variety interaction using repeated-measures MANOVA (PROC GLM, SAS 9.3). Two Hybriforce2400 plants and one WL353LH plant in the 24 8C experiment died prior to aphid infestation and were therefore not included in the analyses.
Sweep net surveys
To determine whether natural aphid and ladybeetle abundances varied across fields, we conducted sweep net surveys of each field (100 sweeps/field) and calculated aphids/sweep, ladybeetles/sweep, and ladybeetle:aphid ratios by field. Differences in aphid and ladybeetles abundances by management type (organic versus conventional) were analyzed using equal variance t-tests, while the ladybeetle:aphid ratio by management type was analyzed using a Sattherwaite t-test for unequal variances (PROC TTEST, SAS 9.4).
Results
Field experiment
On the two days that we measured abiotic conditions within enclosures, relative humidity and wind speed were significantly reduced inside the enclosures compared with relative humidity and wind speed outside of the enclosures; however, humidity and wind speed inside the enclosures were not significantly affected by the presence versus absence of plastic wrap (Table 1) . While it may be surprising that plastic wrapping on enclosures did not alter wind speed or humidity compared with control enclosures, this is likely because the tight-knit insect mesh used on both enclosures dramatically blocks wind. On July 14, air temperature inside versus outside control enclosures were not significantly different, but Farming, warming, and biological controltemperatures within the plastic-wrapped enclosures (warming treatment) were significantly higher than the ambient air temperature (Table 1) . Long-term temperature data obtained from the data loggers showed that wrapped enclosures were consistently warmer by 2.35 AE 0.04 8C (mean AE SE) compared with the mesh-covered enclosures (Fig. 2) , which is within the range of temperature increase predicted by climate change models (Rogelj et al. 2012 ). There were significant interaction effects of management type*warming treatments and management type*predator treatments on aphid populations (Table 2) . Aphid abundances were similar in conventional and organic fields under ambient temperature conditions, but overall, populations increased in warmed enclosures in conventional fields, while populations in organic fields were unaffected by warming (Fig. 3) . Aphid abundances were also significantly higher in the absence of predators than in their presence in conventional enclosures, but showed no significant change in abundance in organic enclosures in response to predator density (Fig. 3) .
Predation strength showed a significant three-way interaction among predator density, warming, and management type (Table 2) . Under low predator density, predation strength was significantly reduced in warmed enclosures versus ambient enclosures in conventional fields; under high predator density predation strength did not significantly differ in conventional field enclosures. Predation strength in organic fields was only significantly greater than zero in ambient enclosures under high predator density (Fig. 4) . Above-ground biomass of alfalfa plants increased as predator density increased (mixed model F 1,78 ¼ 4.08, P ¼ 0.0468, Fig. 5 ), but was not significantly affected by management type (mixed model F 1,78 ¼1.27, P ¼ 0.2624), by warming treatment (mixed model F 1,78 ¼ 0.60, P ¼ 0.4393), or by the interaction of management type and warming treatment (mixed model F 1,78 ¼ 2.81, P ¼ 0.0977).
Laboratory bioassay
The laboratory bioassays showed significant increases in aphid abundances over time (24 8C trial F 2,14 ¼ 99.32, P50.0001; 28 8C trial F 2,17 ¼ 212.43, P50.0001). However, there were no significant differences in aphid abundances between the alfalfa varieties (24 8C trial F 3,13 ¼ 0.15, P ¼ 0.9249; 28 8C trial F 3,16 ¼ 1.08, P ¼ 0.3849), and no significant variety*time interactions (24 8C trial F 2,14 ¼ 0.24, P ¼ 0.7860; 28 8C trial F 2,17 ¼ 1.40, P ¼ 0.2728).
Sweep net surveys
In the fields outside the experimental enclosures, mean aphid abundance per sweep was marginally non-significant (P ¼ 0.0581, Table 3 ) between management types. However, mean ladybeetles per sweep was significantly higher in organic fields than in conventional fields. There was a significant difference in ladybeetle:aphid ratios between management types, with this predator:prey ratio being over six times higher in organic fields than in conventional fields (Table 3) .
Discussion
The results from the field enclosure experiment support our original predictions that pea aphid population densities would be greater in conventionally-managed fields compared with organically-managed fields. Without predators, aphid densities were not significantly different between management types at ambient temperatures. Warming significantly increased aphid density in conventional fields, but had no significant effect on aphid density in organic fields. The differences we observed could not be attributed to food availability (in the form of plant biomass), wind speed, or humidity. These results suggest there may be intrinsic differences between the farming practices that affect pest abundance from the bottom-up, via improvement in plant nutritional quality or reduction in plant defenses.
The plots in which we conducted this field enclosure experiment were treated identically in 2014. Therefore, any aphid or ladybeetle responses to differences in the two cropping systems would be attributable to either alfalfa variety or the longterm effects of management. The difference in alfalfa variety between the organic and conventional systems is a possible confounding effect. The National Alfalfa & Forage Alliance compilation of alfalfa variety trials lists the conventional variety used in this study as being ''resistant'' to pea aphids, meaning 31-50% of plants within the population exhibit aphid resistance (NAFA 2013). Conversely, the organic variety used in this study has no documented resistance to pea aphids (NAFA 2013) , although the manufacturer lists this variety as ''resistant'' (LaCrosse Seed 2013). Our greenhouse study also indicated no varietal effect on aphid population growth, when the varieties were grown in identical soil under control and warmed conditions. Therefore, it is unlikely that Farming, warming, and biological controlvariety alone can account for our field-observed differences in aphid population response to warming. On the other hand, different alfalfa varieties can vary structurally, particularly in stem density of glandular trichomes: plant structures that exude a sticky substance that can trap or deter insect pests (Lovinger et al. 2000) . Studies have shown that predation itself, and/or predator foraging time, can be reduced on high-trichome varieties of multiple crop species (Cédola et al. 2001; Gassman and Hare 2005; Economou et al. 2006) . If our varieties differed in glandular trichome production, this may have influenced predator efficacy. However, this effect cannot account for the significant difference in aphid population response to warming, in the absences of predators, in the two field types.
The most notable management differences in our conventional and organic systems are the length of rotation, total soil disturbance, and differences in inputs to the system (fertilizer and pesticides). Examination of these WICST plots over the past 20 years has shown no significant difference in the soil properties (Cates et al. 2016) or soil greenhouse gas emissions (Osterholz et al. 2014) , of these two systems. Studies in other agricultural systems have shown that, though predator populations can sometimes be suppressed by increased tillage (Robertson et al. 1994) , pest insect populations are not significantly influenced (Robertson et al. 1994; Dong et al. 2013) . These studies, combined with the lack of disturbance in our alfalfa fields in the 1.5 years prior to our experiment, make cultivation practice an , as a function of increased predator abundance per experimental enclosure, for each crop type and temperature treatment. Points, which are slightly offset by treatments along the x-axis to reduce overlap, represent individual enclosures within the experiment while lines represent the significant effect from the mixed model of the increase in alfalfa biomass by predator density. Management types (organic versus conventional) and temperature treatments (ambient versus warming) did not differ significantly from one another. unlikely explanatory variable for the differences we observed. Fertilization practices could be a factor in differential response of pest populations to warming in our conventional and organic systems. Organic farming has been shown to increase soil organic matter (Marriott and Wander 2006) and microbial activity (Mäder et al. 2002) via the use of natural fertilizers, such as compost and manure, over the synthetic fertilizers used in conventional farming. Mycorrhizal community diversity (Verbruggen et al. 2010) , and the strength of plant-mycorrhizal associations (Barber et al. 2013 ) are also increased the longer a field is organically farmed. All these characteristics have not only the potential to increase the tolerance of crops to various aspects of climate change (Staddon and Fitter 1998; Jeffries et al. 2003; Arias et al. 2010 ), but they have also been shown to boost plant nutrition, improving plant tolerance to insect pests (Altieri and Nicholls 2003) , and mycorrhizae have been shown to directly increase induced plant defenses against insect herbivores (Jung et al. 2012) . Previous studies have showed that pest insects oviposit more eggs on plants reared with synthetic (conventional) versus manure (organic) fertilization (Phelan et al. 1995) , and that aphids exhibit a slower growth rate when feeding on to plants fertilized with organic fertilizers versus synthetic fertilizers (Garratt et al. 2010) . Future greenhouse studies on the effects of fertilizer type and soil microbial properties on prey populations, under ambient and warmed conditions could be helpful in disentangling which aspects of the soil may contribute to the differential pest population response we observed in the field.
Although we could not identify a mechanism to explain the bottom-up effect of management type and warming on aphid densities in our enclosures, the importance of top-down biological control was abundantly clear. In the lower predator density treatment (two ladybeetles per enclosure), warming allowed pea aphids to escape control by predation in conventional fields, but aphid populations remained low in organic fields. At high predator densities (four ladybeetles per enclosure), biological control was effective across all warming*management type combinations. It is important to note that, though the low predator density treatment (10.7 ladybeetles/m 2 ) was extremely dense, the high predator density treatment (21.4 ladybeetles/m 2 ) was higher than what has been reported in typical Wisconsin alfalfa fields (Snyder and Ives 2003) . Therefore, while our data suggest that warming may not release pests from biological control in either management type, this may only be true if natural enemies can be maintained at extremely high densities.
This ''if'' is important to note, given that our sweep net data, along with many previous studies (Dritschilo and Wanner 1980; Booij and Noorlander 1992; Birkhofer et al. 2008; Krauss et al. 2011 ) and a meta-analysis (Bengtsson et al. 2005) have demonstrated that natural enemy densities are usually lower in conventional versus organic fields. Use of foliar-applied insecticides in conventional agriculture has declined in recent years, largely due to the increased use of genetically modified crops that control specific pests (Perry et al. 2016) and increased use of seed treatments (Douglas and Tooker 2015) , but also because of increased awareness of the negative impacts of widespread pesticide use (Shetty et al. 2010; Reimer and Prokopy 2012) , and increased avocation for using biological control to manage pest species. Our results suggest that biological control may be more difficult to achieve in conventionally-managed fields, thus increasing the likelihood of increased foliar-applied insecticide use in conventional agriculture as average global temperatures continue to rise.
Experiments in alfalfa fields are logistically constrained by harvesting methods. As a perennial, alfalfa is harvested multiple times each year. Thus, manipulative climate experiments such as this one are generally constrained to occur between cutting events. Duration is further constrained by the mobility of the predators-immediately after cutting, predators fly to other fields until aphid populations rebound (Osawa 2000; Forbes and Gratton 2011) . Thus, manipulative experiments like our field enclosure study can only occur after sufficient plant growth has occurred to support aphid populations at a level that can maintain ladybeetles. The short duration (12 days) of our experiment is consistent with previous work in this system (e.g., Barton and Ives 2014b; Harmon et al. 2009; Snyder and Ives 2003) , and emphasizes the effects of predator behavior over predator reproduction and population dynamics. However, in our system this is an appropriate emphasis. Because ladybeetle predators are highly mobile and move among fields looking for high aphid densities (Osawa 2000) , they only occur in alfalfa fields at reasonable densities during those times when prey are abundant. Consequently, it is unlikely that their population dynamics are strongly influenced by aphid abundance in a single field. Future studies that examine the effects of warming on population dynamics and movement of natural enemies are a needed next step to understand the Farming, warming, and biological controlnet effect of climate warming on these systems. Further research is also needed to address other cropping systems that are harvested only once annually (corn, soybeans, wheat, etc.) , and may therefore differ in the timing and duration of their predatorprey interactions.
Ultimately, the purpose of agriculture is the production of plant biomass (crop yield). From the viewpoint of IPM, the value in understanding the effects of climate change on predator-prey interactions is to promote biological control and generate a trophic cascade to keep populations of pest arthropods below economically-damaging levels. Indeed, we found that increasing predator density in our field enclosures increased above-ground biomass of alfalfa, probably by controlling aphid population growth and limiting herbivory. While this trophic cascade has been documented previously in agricultural research (Crowder et al. 2010) , our study demonstrates that this mechanism is maintained across different farming management practices and under different warming conditions. Interestingly, we found no effect of farming practice or warming treatment on crop yield, indicating that top-down processes are predominant. This further makes the argument that understanding and maintaining biological control by natural enemies should be a priority across future conventional and organic agricultural systems.
In a broader ecological context, our results are consistent with previous studies that have shown the net effect of climate change on tritophic relationships will be a function of multiple direct and indirect interactions (Dyer et al. 2013; Boullis et al. 2015; Eigenbrode et al. 2015; Kollberg et al. 2015) . Likewise, our results are consistent with previous work showing that warming weakens the effect of predators on prey and may promote stability in the system (Rall et al. 2010; Fussmann et al. 2014) . Having said this, the effects of climate change are multi-faceted, intertwining and often unexpected. In this study, we examined only the effect of temperature on biological control and trophic cascades within two management approaches. However, climate change affects other environmental conditions in addition to temperature, including changes in precipitation (Penczykowski et al. 2017) , wind (Cherry and Barton 2017) , and other factors. Studies on multiple, interacting climate change factors are few (Rosenblatt and Schmitz 2014; Gunderson et al. 2016; Rosenblatt et al. 2016,) but are critical if we are to develop a mechanistic, predictive understanding of climate change effects.
This study is among the first attempts to quantify the differences in climate change effects on biocontrol between different farming practices (but also see Dong et al. (2013) ), and the first to our knowledge to show differential response of predator-prey interactions to climate change in conventional and organic fields. Organic systems are often cited as being more likely to be resilient to climate change conditions (Borron 2006; Niggli et al. 2008; Azadi et al. 2011 ), but we found no evidence that yield differed between organic and conventional systems directly under control or warmed conditions. Instead, our results suggest that organic crops may benefit from greater biological control than their conventional counterparts, and it is an increase in top-down control that improves crop yield (when predators were introduced in equal numbers in both systems). Determining the agricultural management practices that influence predator abundance and efficacy, and promoting those practices in agroecosystems, may be the key to improving biological control and preventing pest outbreaks in agricultural systems in the face of climate change.
